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Abstract 
Phosphogypsum resulted from phosphoric acid preparation in fertilizers industry is a residue which generates 
environmental problems. This study emphasizes the results of a statistical interpretation of data concerning concentration 
of this study is to 
identify potential environmental risks for further develop of phytoremediation solutions. The study used available data 
from official sources, covering 2007-2011 periods. Statistical study is based on a hierarchical cluster analysis, in order to 
classify the samples respecting their geochemical properties. The Euclidean distance and single linkage were the criteria 
assigned for clusters grouping. The Log-likelihood distance was used as the distance metric. The SPSS version 20.0 
software was used to realize the cluster analysis in order to evaluate the environmental risk level in the studied area. 
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1. Introduction 
An important environmental global problem is industrial wastes and their recycling process. A special 
category of industrial wastes are the hazardous waste and radioactive waste especially. The great quantities of 
hazardous waste arise from chemical industry (organic and inorganic), oil refining and thermal processes. 
 
 Corresponding author. Tel.: +4-0234542411; fax: +4-0234545753. 
E-mail address: glazar@ub.ro. 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer review under responsibility of Asia-Pacific Chemical, Biological & Environmental Engineering Society
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
318   Sorina Zirnea et al. /  APCBEE Procedia  5 ( 2013 )  317 – 322 
The main types of hazardous waste present in large amount in Romania are those generated by chemical 
industry, like calcined soda (Alba, Dolj and Valcea Counties) and phosphogypsum (PG) (Bacau County) [1]. 
PG (CaSO4·2H2O) is a by-product of phosphoric acid (H3PO4) synthesis, an important raw material used in 
industry of fertilizers. Usually it is stored in PG dumps near the plant or thrown into the water. It results 5 tons 
of PG per each ton of phosphoric acid produced, approximately. PG contains impurities, which are considered 
to be potentially harmful, such as residual acid (P2O5), fluorine compounds, trace elements including 
radioactive elements [2, 3]. 
PG is a relatively harmless material and it is used for various purposes, like amendment in agriculture, 
building materials, asphalt mixtures, etc. [4]. However, PG is slightly more radioactive than natural gypsum 
[5]. The main element is radioactive radium (226Ra), which is naturally found in phosphate rock. Radium 
remains in PG after reaction with sulphuric acid in phosphoric acid preparation process. Radioactive decay 
transforms radium into radon (222Rn), the last element of the inert gases group, which is also radioactive [6, 7]. 
PG deposit near Bacau keeps 6.3 Mt of material, deposited in 1997-2004 period, resulting from the 
production of phosphoric acid. The dump was mentioned as a major source of pollution of groundwater and 
soil in some of the annual reports on the state of the environment in Romania (2007, 2008) [8].  
Characterization study of PG dump, carried out by Research-Development National Institute for 
Environmental Protection Bucharest, Romania (ICIM) (2007), revealed that in terms of chemical composition, 
the waste is not hazardous because it contains a very low percentage of heavy metals (0.1%) and phosphorus 
(0.367 to 0.473%). Radiological tests showed high concentrations of 226Ra, 214Pb and 214Bi isotopes, which 
signify that deposit is a lightly radioactive material. Analysis did not reveal a significant radiological impact 
through the population and the environment [9]. 
This study presents a statistical interpretation of existing public data [9, 10]. Further aim of a complex 
study is to determine a way for phytoremediation of the dump and to prevent potentially environmental risks 
[11-14]. 
2. Material and methods 
The analyzed data has been acquired from AMURCO S.A. [9], and from the Regional Environmental 
Protection Agency Bacau, Romania (REPA) [10].  The company AMURCO S.A. has partially the custody of 
PG landfill in the south of Bacau city. The analyzed data represents the of 
the PG dump performed between 2007 and 2011 years at REPA [10] and PG characterization performed by 
ICIM in 2007 [9]. 
common-mode rejection (CMR) measuring system 
with scintillation probe ND-304 has been used [10]. For calibration it has been used a surface calibration 
samples Sr-Y 90 whose value drops monthly (calibration factor = 20.80 Bq) [10]. The environmental 
background radiation was measured, too [10]. 
The PG characterization study was realized in accordance with national standards [9]. Physico-chemical 
examined parameters for phosphogypsum samples were: pH, moisture content, calcinations, loss, 
concentration of SiO2, P2O5, CaO, MgO, Na2O, K2O, Fe2O3, Al2O3 and heavy metals (Cd, Cu, Cr, Mn, Ni, Pb, 
Zn) [9].  
Analytic hierarchy process (AHP) and cluster analysis were used in order to interpret descriptive statistical 
public data [15]. 
A hierarchical cluster analysis which builds model based on connectivity, was conducted to classify the 
samples with respect to their geochemical properties that their turn are bound to the threat that the samples 
present. The agglomerative approach that was used consists of progressively merging the clusters as they 
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moved up the hierarchy. For this to happen, a single linkage and the Euclidean distance were used as 
dissimilarity criteria to pair the cluster [16, 17]. 
A two-step cluster analysis was also performed to examine the effect of each geochemical on the 
hierarchical clustering process made above. For such an analysis, the Log-likelihood distance was used as the 
distance metric. 
The SPSS version 20.0 software was used to realize the 2 grouping process. 
3. Results and discussions 
Cluster analysis classifies a set of observation into different unknown groups based of combinations of 
interval variables. The purpose of cluster analysis is to discover a system of organizing observation into 
groups, where objects of the groups share properties in common. It is cognitively easier to predict the 
behavior or properties of objects based on group membership, all of which share similar characteristics. 
In hierarchical cluster analysis, the similarity between samples is evaluated using the distance concept, 
calculated using a mathematical relationship (i.e. Euclidian norm) of numerical properties of the samples (i.e., 
absorbance at different wavelengths), and throughout this study cluster analysis was used to correctly select 
the different samples for calibration and prediction data sets [18]. 
   
Fig. 1. Dendogram of the samples of soil using the single linkage method.      Fig. 2. Hierarchy of the sample 
Cluster analysis using data hierarchy method by using Euclidean distance show that samples 421 (1) and 
422 (2) have similar physicochemical characteristics resulting cluster 1 (Figure 1). The same thing happens 
with samples 424 (4) and 425 (5) resulting cluster 3. Samples 423 (3) and 426 (6) forms each one separated 
clusters (2, 4) due to their unique characteristics. Grouping was done based on physicochemical elements 
most common in their structure, given by the closest distance between them. The classification of risky sites 
of the platform corresponding to each sample, from the highest to the lowest, is as follow: site 6 (cluster 4) > 
sites 4 (cluster 3) > site 3 (cluster 2) > site 1 (cluster 1) (Figure 2). 
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Fig. 3. The order used for cluster the samples 
 
Fig. -10 measurements made on different 
months each year 
Figure 3 shows the principal chemicals that were used to greatly group the samples, and we can see that Zn, 
K2O, Cd, Cu, pH, Ni and P2O5 were the most important. In fact, cluster 1 have high value of Zn, Cd, K2O, pH 
and Ni; cluster 2 high value of Cd, Cu and Ni; cluster 3 high value of pH and P2O5; and cluster 4 high value of 
Zn and K2O. On the basis of these geochemical, the clusters representing the highest threat were classified as 
follows: cluster 1, cluster 2, cluster 3 and cluster 4. 
The results obtained show that depending on the geochemical properties, most widespread being Zn, K2O, 
Cd, Cu, pH, Ni and P2O5, the most important value for these parameters are within the sampling 1 and 2 (SE, 
N) and cluster 1, area lodging PG much older than the area S-center from which the sample was taken dump 6 
(cluster 4) being the sample with the lowest sampling rate and height, which are lower pH and higher 
humidity than other samples. 
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In 2007, the characterization study of PG, carried out by ICIM Bucharest, revealed that in terms of 
chemical composition, the waste is not hazardous because it contains a very low percentage of heavy metals 
(0.1%) and mineral compounds of phosphorus (0.367 to 0.473%) [8, 9]. 
Analyzing related data a significant reduction of radioactivity at ground level in 2011 could be noted, but 
also an increasing of the annual average radioactivity of PG during 2007-2010 periods associated with a large 
variation of the values (Figure 4). 
In terms of radioactive phosphogypsum it is observed that the higher values over the years and the soil, the 
values are within a constant variable significantly lower than the PG (Figure 4). 
4. Conclusions 
The study about phosphogypsum dump near Bacau, pointed that as far as concern chemical composition, 
the waste is not hazardous because it contains a very low percentage of heavy metals and phosphorus. 
Radiological tests confirmed that deposit is a lightly radioactive material. There is not a significant 
radiological impact through the population and the environment. From this preliminary analysis, it seems that 
the relationship between the presence of phosphogypsum dump and the radioactivity of the soil is more 
complex to be defined by a simple evolution in time, as potential threatening points, related to 
phosphogypsum, found on the platform. The purpose to resume a complex analysis about the environmental 
risk level in the area with a potential risk of radioactive and chemical contamination in order to develop 
phytoremediation solutions is necessary. 
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